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Abstract of WO 03013588 (A1) 

A material for the regeneration of kidney In vivo 
which comprises undifferentiated mesenchymal 
stem cells and a cell growth factor; and a method for 
kidney regeneration. 
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* NOTICES * 

JPO and INPiT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



CLAIMS 



(57)[Clatm(s)] 
[Claim 1] 

Material for reproduction of the kidney accompanied by a rebirth of an in vivo glomerulus 
organization in which an undifferentiated m esench ymal stem cell and water content contain 
bFGF gradual-reiease-ized by bridge construction gelatin which is 95%, and collagen, and a 
rebirth of a renal tubule, 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
Technical field 

This invention relates to the material for reproduction by in vivo one of the kidney using 
combining an undifferentiated mesenchymal stem cell and a cell growth factor. 
Background art 

There is a big fault that it is temporary in an effect, its invasion is large, and its function which 
can be assisted is single although reconstruction Medical Science Division using an artificial 
organ contributes to clinical greatly now. On the other hand, an infectious disease, oncogenesis, 
etc. by side effects of an immunosuppresant after transplantation are a problem insufficient [ a 
donor ], and transplantation Medical Science Division is also hard to be called ideal therapy. 
Thus, two main posts of the present advanced medicine are reaching a limit at each. In such a 
situation, the trial of a new therapy in which the organization and organ which suffered a loss or 
went to ruin are restored is performed by reproducing a self organization. This is regenerative 
medicine. That is, it is a trial in which self organization and organ will be artificially made again 
healthy, by using a cell. 

In mammalian including Homo sapiens, it has been thought that the ability to regenerate of the 
organ which specialized high order has disappeared. However, these animals are also considered 
to have the ability to regenerate in recent years. That is, in mammalian, as a result of the wound 
healing for protecting an individual advancing early too much, the place of organ reproduction is 
taken and the ability to regenerate which it originally has is missed, For example, a bone marrow 
transplantation is a cure performed for many years, and is obtaining good clinical results. This is 
considered to have succeeded just because the place of **** which can carry out growth 
differentiation of the blood stem cell in marrow cells, and the myeloid tissue exist in the inside of 
the body. That is, also although it is called Homo sapiens, in order for the individual to survive, it 
cannot survive, if a stem cell does not exist in an organization and an organ, and self- 
organization may be able to be reproduced if the place of sufficient reproduction can be given to 
the stem cell which probably exists widely in the living body. It turns out that a stem cell exists 
in a nervous system, liver, etc. in recent years. 

Then, although research and development in the method of various anagenesis is done by the 
basis of such an idea, the scaffold for reproduction, a cell growth factor, and the method of using 
combining three persons of a stem cell are the most realistic at present. 
For promotion of adhesion, differentiation, and morphogenesis of the stem cell in a reproduction 
place, or a precursor cell, the scaffold for reproduction is required. Although the body tissue of a 
reproduction place can serve as a reproductive scaffold, a scaffold matrix may be needed as a 
scaffold for reproduction. The living body absorbent material is used as this matrix. 
However, however there are few stem cells required for reproduction, precursor cells, or blast 
cells, or the matrix may be excellent for example, if the concentration of the living body factor 
which does growth differentiation of the cell is too low although a scaffold matrix is embedded at 
a reproduction place, the rebirth of an organization to desire will not take place. Then, the cell 
growth factor for growth of a cell or differentiation is first thought as what should be filled up. 
Generally, the life of these factors in the living body is short unstable, and the anagenesis effect 
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to expect is not acquired only by only melting a required cell growth factor in water, and pouring 
it into a required part. Then, the concentration of the cell growth factor in a reproductive place 
must be maintained at effective value over a required period. For example, it is the technology 
which includes a cell growth factor in a gradual release carrier and to which it is made to emit 
continuously at a reproductive place. Growth differentiation of a cell increases and it is urged to 
the rebirth of self-organization by gradual release of a cell growth factor. However, just the cell 
growth factor of reproduction is insufficient often depending on the kind of an organization or 
organ. 

The kidney is a hemofiltration organ. 

The end product of the metabolism of the body is excreted in a urinary form, and hydrogen in 
extracellular fluid, sodium, potassium, a phosphorus, and other ion concentration are adjusted. 
By balance of elimination and a resorption mechanism, it has functions, such as regulation of 
moisture, an electrolyte, body fluid osmotic pressure, and an acid base equilibrium. If the function 
of the kidney becomes insufficient, blood pressure will rise, nitrogenous metabolite, such as urea 
and creatine, will store into blood, and the blood drug concentration of living body waste will 
increase even to harmful concentration. In order to cancel such pathology, the treatment which 
replaces the function of the insufficient kidney is needed. 

Hemodialysis is treatment which cleans and filters the blood in kidney-function failure conditions. 
The concentration of hazardous wastes etc, decreases by the treatment concerned. However, 
there is a problem that this treatment has side effects and the danger of complication in this top 
3 times and once per week for 2 to as long as 4 hours. 

The renal transplantation is treatment which plants the healthy kidney from a donor in the 
individual troubled with renal failure. However, administration of the immunosuppresant over a 
lifetime is needed and side effects produced as a result, such as infectiosity and canceration, 
pose a problem. There is also a problem that there is no donor of sufficient quantity for all the 
individuals which need transplantation. 

Not transplantation of kidney itself but transplantation of a kidney cell is reported (Pediatrics, 
1996, 98S, 615), According to it, the kidney cell of C57 black mouse was cultured, and after 
enclosing with the tube made from polycarbonate, when transplanted to the hypodermic of an 
athymic mouse, in observation to the backward one, the vascularization, a glomerulus, and renal 
tubule Mr. structure were accepted for eight weeks. The alkaline phosphatase and fibronectin 
were observed in the renal tubule Mr. structural site, and uric acid was detected from the 
secreted yellow liquid. 

According to another report, the kidney cell of New Zealand White Rabbit A distal tubule, 
Formation of the nephron was accepted, when fractionation was carried out to the glomerulus 
and the proximal tubule, and each was cultivated on the polylactic acid-polyglycolic acid sheet 
and having been transplanted to the hypodermic of an athymic mouse (J. Urol, 1995, 153 (suppf.), 
4). 

WO98/09582 indicate the artificial kidney adapting the above-mentioned technology. However, 
this artificial kidney extracts a hybrid type artificial kidney, i.e., the kidney, and after it cultures 
that cell, it reconstructs it to the organ. Such a differentiated cell has a limitation in the life, and 
since the function maintenance as a kidney cell is difficult, there is a problem in the endurance 
and the reliability of an artificial kidney. When using the cell [ like ] of non-self from heterozoic, 
the problem of immunological rejection always hangs around. 

Unquestionable [ in order to reproduce an organization organ by in vivo one / that the cell which 
constitutes the organization or organ is required ]. However, it is very difficult to make the place 
reproduce an organization and an organ only by pouring into the part which only wants to 
reproduce a cell. This is because that the added cell increases and specializes by the part can 
hardly expect. In order to promote growth and differentiation of a cell positively in the living 
body, existence of a cell growth factor is indispensable. It is already proved that an 
undifferentiated mesenchymal stem cell, a precursor cell, or a blast cell increases the number, 
and specializes under existence of a suitable eel! growth factor by many in vitro experiments. 
However, the environment of the ceil completely differs and it is difficult to reproduce and 
predict an in vitro result in in vivo ones in vitro one and in vivo one in many cases. 
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In order to $olve the above-mentioned problem about growth differentiation of the cell in in vivo 
one, as a result of inquiring wholeheartedly, by using combining an undifferentiated mesenchymal 
stem cell and a cell growth factor, this invention persons found out that reproduction of the 
kidney in in vivo one became very advantageous, and completed this invention. 
The indication of invention 

Therefore, this invention supplies the material for reproducing the kidney by in vivo one by using 
combining an undifferentiated mesenchymal stem cell and a cell growth factor. 
This invention relates also to the reproducing method of the kidney including using the above- 
mentioned material. 
The best form for inventing 

Hereafter, technical constitution of this invention is explained. 

The cell used by this invention is an undifferentiated mesenchymal stem cell. This cell can 
increase a number for extracting from an animal and Homo sapiens, or its extraction cell in a 
culture system. 

Mixing with the undifferentiated mesenchymal stem cell used for this invention and its cell 
growth factor and a rebirth of the kidney organization using those system engineering materials 
can be performed by the following methods. 

Although it is also possible to add some embellishing point to the cell isolating method, there is 
no place which they contribute to the differentiation character of a cell greatly. The method of 
extracting an undifferentiated mesenchymal stem cell can be performed with a conventional 
method. For example, bone marrow fluid is extracted from bone marrow, such as a femur and a 
tibia, a cell is distributed by pipetting etc., this is suspended to a suitable culture medium or 
saline, such as alpha-MEM, and marrow cell suspension is prepared. This cell is cultured for 
example, for seven to ten days with an incubator under the condition of 37 ** and 5% carbon 
dioxide, after that, for example, it exfoliates using trypsin 0.05%, and adhesion cells are collected, 
The obtained undifferentiated mesenchymal stem cell can be cultured with an incubator under 
the condition of 37 ** and 5% carbon dioxide, and growth and a passage can also carry out a cell. 
Culture medium is made to distribute this cell and the cell growth factor of concentration 
suitable in it is mixed. The obtained complex is embedded against the kidney deficit of SD rat, for 
example. A rebirth of a kidney organization is seen to an embedding part in 36 weeks. 
If the cell to extract is an undifferentiated mesenchymal stem cell, regardless of the kind of 
animal to extract, age, and its part, any organization can use it for this invention. Generally, 
immunological rejection is a vital reaction to a cell component. There is a method of using the 
undifferentiated mesenchymal stem cell extracted from the self organization as a method of 
avoiding this immunological rejection, for example. According to this, it is thought that the 
problem of immunoreaction is solvable. That is, in this invention, the kidney organization of self is 
also renewable by using a self cell component. 

Especially as a cell growth factor used for this invention, although not limited, a thing with the 
operation which makes the number of undifferentiated mesenchymal stem cells increase is 
preferred. For example, a basic fibroblast growth factor (bFGF), a platelet derived growth factor 
(PDGF), An insulin, an insulin like growth factor (IGF), a hepatocyte growth factor (HGF), a gloea 
derivation neurotrophic factor (QDNF), a neurotrophic factor (NF), hormone, cytokine, an 
osteoplastic factor (BMP), a transforming growth factor (TGF), etc. are mentioned. In especially 

this invention, bFGF is [ among these ] desirable, the concentration — cell number 10 s - 

0.0001-1 Omicroper 10 s individual g — it is 0.001-lmicrog preferably. 

In the state where the desirable suitable carrier for gradual release was made to contain, it mixes 
with a cell and these cell growth factors used for this invention are used. When using it in the 
state where the suitable carrier for gradual release was made to contain, the release period has 
a good range for about one to three weeks. 

What has the character by which decomposition absorption is carried out in the living body as a 
carrier for gradual release of a cell growth factor is preferred. For example, the copolymer of 
polylactic acid, polyglycolic acid, lactic acid, and glucohol acid, A copolymer with a Polly epsilon- 
caprolactone, epsilon-caprolactone, lactic acid, or glycollc acid, Polycttrate, polymalic acid, Polly 
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alpha-cyanoacrylate, poty-beta-hydroxybutyric acid, A poly trimethylene oxalate, a 
polytetramethylene oxalate, Poly orthoester, poly orthocarbonate, polyethylene carbonate, 
Polypropylene carbonate, a Polly gamma-benzyhL-glutamate, Synthetic macromolecules, such 
as a Polly gamma-methyl-L-glutamate and Polly L-alanine, Protein, such as polysaccharides, 
such as starch, alginic acid, hyaluronic acid, a kitchen, pectic acid, and its derivative, or gelatin, 
collagen (any may be sufficient as the type of collagen and its extraction method), albumin, and 
fibrin, etc. are mentioned. Although the carrier for gradual release of a cell growth factor is 
producible from such materials, and there are the shape of a disk, film state, rod-like particle 
state, paste state, etc. as the form, it is not limited to these. For example, when aiming at 
uniform mixing with basement membrane components in it, the carrier of particle state is 
preferred, 10-500 micrometers of diameters of particles are 20-100 micrometers preferably. 
Sustained-release regulation can be performed by adjusting the resolvability of the carrier for 
gradual release. Regulation of resolvability can be performed by changing the degree of cross 
linking at the time of carrier production, for example. What is necessary is to adjust the cross 
linking agent concentration or reaction time at the time of carrier production, to make water 
content into 98 to 94% for example, and just to produce the carrier for gradual release by which 
decomposition absorption is carried out in one to three weeks, in order to make a release period 
into one to three weeks. 

Although the manufacturing conditions in particular of the system engineering material which 
consists of a cell and a cell growth factor are not limited, it is also good to mix both or it may 
mix them with liquids, such as buffer solution, a physiological saline, a solvent for injection, or a 
collagen solution, for example. 100,000-5 million pieces are desirable as the number of ceils to be 
used. It can also use, where the mixture of a cell and a cell growth factor is mixed with pourings 
or those scaffolds into scaffolds, such as sponge which consists of a living body absorbent 
materia!, a mesh, and a non-woven fabric-like molded product. 

In this case, since it is thought indispensable that it is living body absorptivity as a scaffold to be 
used and a rebirth of an organization is interfered physically in an unabsorbent case, it is not 
desirable. A suitable thing needs to be chosen and used for the decomposition absorptivity of a 
scaffold so that it may not become the obstacle of a rebirth of an organization. When a scaffold 
Is synthetic macromolecule, those absorptivity can bo controlled according to the grade of the 
bridge construction to the case of naturally-ocurring polymers by the molecular weight and 
chemical composition, A publicly known method can be used about these methods. 
Having the character by which decomposition absorption is carried out in the living body as a 
scaffold used for pouring of a cell and a cell growth factor and mixing which are used in this 
invention can use the material used for the carrier for gradual release of a desirable above- 
mentioned cell growth factor indispensable. A scaffold and a sustained-release carrier may use 
the same material, and may use different things. As the form, although there are the shape of a 
disk, film state, rod-like particle state, paste state, etc., it is not limited to these. 
The mixture of the cell of this invention and a cell growth factor or the mixed composite with the 
scaffold can be thrown into the inside of the body by cutting the skin open and pouring in by 
embedding or injection. 
EXAMPLE 

Although working example is given and this invention is explained hereafter, this invention is not 
limited to the following working example. 
Working example 1 Preparation of a scaffold 

After heat-treating [ of 2 hours ] at 140 **, and performing chemistry bridge construction in 
0.2wt% of glutaraldehyde solution, the aldehyde group unreacted in glycine solution was blocked. 
It washed in cold water after that and the obtained collagen sponge was pierced by freeze-drying 
to the cylindrical shape (about 5 mm in diameter, and 3 mm in thickness), Collagen sponge was 
rolled in the mesh of the pore size 200micrometer polypropylene which sterilized, and in order to 
maintain the form, a mesh was further fixed with 7.0 nylon yarn. This was embedded to the 
cylindrical lacking part produced into the kidney. It is for making it clear whether the Reason for 
having put in a mesh is an organization of that which isolated the embedding collagen sponge 
part and the kidney organization part in the in-house and to which neoformation was newly born 
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to the lacking part, and kidney organization origin. 

Working example 2 Isolation and refining of an undifferentiated mesenchymal stem cell 
The 6-week old female femur and tibia of SD rat (Shimizu Co,, Ltd. laboratory animal) are 
extracted, extracting bone marrow by clean operation — initial culture-medium (alphaMEM, 
GIBCO BRL) 10.2wt% and sodium bicarbonate (Nacalai Tesque) 26.2mM and penicillin (500 U/Q- 
streptomycin (500microg/l) — it cultivated by the mixture (SIGMA) and 15% of the calf blood 
serum, 0.05% trypsin / EDTA solution recovered the pasted-up cell seven to ten days afterward, 
and the passage was carried out using the same culture medium. 
Working example 3 Preparation of gelatin particles 

The propeller for product churning made from Teflon was attached to the motor for churning 
(new east science company make, three one motor) which added 375 ml of olive oil to the round 
bottom flask of 1000-mi **, and was fixed, and it fixed to it together with the flask. The solution 
(10wt%, 10 ml) of alkali treatment gelatin (made by Nitta Gelatin, Inc.) of the isoelectric point 4.9 
was dropped agitating olive oil at 30 ** and 420 rpm, and W/O emulsion was prepared. After 
churning for 10 minutes, it cooled at 10-20 **, and the flask was further agitated for 30 minutes. 
After adding 100 ml of acetone to the emulsion and agitating for further 1 hour, centrifugal 
separation (for 5000 rpm, 4 **, and 5 minutes) recovered gelatin particles, The gelatin particles 
unconstructed a bridge were obtained by using 2-propanol for an acetone pan and carrying out 
centrifugal washing of the particles. The solution (100 ml) of 0.1wt%Tween80 containing 
glutaraldehyde of 0.01 wt% concentration was made to suspend the obtained unconstructed 
bridge gelatin particles (500 mg), and 4 ** of crosslinking reaction of gelatin was performed by 
agitating gently for 15 hours. Then, after the solution of 0.1wt%Tween80, 2-propanol, and distilled 
water washed particles 2 times respectively, it freeze-dried. The diameter of the particles at the 
time of the equilibrium swelling in 37 ** among the time of the air dried from 2-propanol, or PBS, 
When water content was computed as a ratio of the volume of the water which measures under 
a microscope about 1 00-piece particles, respectively, and is contained in the particles to the 
volume of the particles of a swollen state, the water content was about 95 voi(s)%. The mean 
particle diameter of the particles at the time of swelling was 40 micrometers. 

After carrying out a sign by 125 I, when mouse hypodermic was medicated with the particles of 
95% of this water content, the radioactivity in the administration part decreased with time. The 
radioactivity became zero 14 days afterward. Next, after carrying out the sign of the bFGF by 
125 I and impregnating to gelatin particles, when in vivo administration was carried out like the 
above and the temporal response of radioactivity was investigated, the time dependency of 
survival of the radioactivity was almost the same as the case of particles. Thus, bFGF was 
gradual-release-ized by in vivo one with decomposition of this particle, The gradual release-ized 
period of bFGF from this particle was 14 days, 

Working example 4 ****-izing of a basic fibroblast growth factor (bFGF) 

bFGF was made to impregnate in particles by neglecting solution 10mul which contains bFGF (a 

grant is made from Kaken Pharmaceutical Co,, Ltd.) of Omicrog and 100microg in the freeze- 

drying gelatin particles (2 mg) produced in working example 3 at dropping and 25 ** for 1 hour. 

Then, PBS of 100microl was added and bFGF impregnation gelatin particles were distributed. 

Working example 5 Enclosure of a cell and a gradual release-ized factor 

It poured in carefully into the collagen scaffold which prepared cell suspension 50mul containing 

the cell (2x10 ^ individual) prepared in working example 2 in working example 1 using the injector 
which attached the hypodermic needle of 22 gauges. This scaffold was neglected within 37 ** 
G0 2 incubator for 3 hours, and the cell was fixed in collagen sponge. Then, gradual-release-ized 

bFGF impregnation gelatin particle suspension 50mul which was prepared in working example 3 
was added, As control, only the cell prepared the scaffold which poured in only bFGF 
impregnation gelatin particles. 
Working example 6 Transplantation of a scaffold 

SD rat was anesthetized by the 15mg [ per weight ]/kg FENTO barbital, and it was cut open until 
it reached the abdominal cavity from near the left 1 1 rib. It was made to expose, protecting a left 
kidney with gauze. After clamping the renal artery part for the prevention from bleeding, the 
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deficit (defect: cylindricat shape 5 mm in diameter and 5 mm in depth) was built with tweezers to 
the outside pars corticalis of the mesonephros cup of a left kidney, and the scaffold having 
contained the cell and the releasing body was embedded. The kidney outside coat of one stitch 
was sutured from 7.0 nylon, and disconnection was prevented. After returning a kidney, the 
peritoneum tunica muscularis and an envelope were sutured. Beneficial death was carried out by 
diethylether after 36 weeks, and left kidneys were collected. When adding incision to a left 
kidney, it took care so that it might cut in the center of a major axis of the scaffold covered with 
polypropylene. This organization section was produced and histological evaluation was performed. 
Dyeing was performed by the usual hematoxylin eosin stain. 

When the specimen of the obtained embedding part was observed, the rebirth of the kidney 
organization was accepted only in the group embedding collagen sponge including the gelatin 
particles which impregnated bFGF, and an undifferentiated mesenchymal stem cell ( drawing 1 A, 
1B), In this experimental group, the rebirth of the glomerulus organization was checked inside a 
propylene mesh so that more clearly than a photograph. The vascularization and the rebirth of 
the renal tubule were also seen, what put only the undifferentiated mesenchymal stem cell which 
is control into sponge ( drawing 2 A, 2B), and the thing ( drawing 3 A, 3B) which put only bFGF 
impregnation gelatin particles into sponge — the vascularization — reproduction of the 
glomerulus was not seen although formation of the renal tubule was sometimes checked. 
Although not shown here, in embedding of only sponge, invasion of a fibrous organization is also 
minor as compared with other groups, and the vascularization was not derived at all. This result 
shows that mixing with an undifferentiated mesenchymal stem cell and a cell growth factor is 
indispensable to a rebirth of a kidney organization. 
Industrial applicability 

In this invention, it uses combining an undifferentiated mesenchymal stem cell and a cell growth 
factor. 

Therefore, the material which can reproduce the kidney by in vivo one can be obtained. 
In this invention, since the cell from self-organization can be used, the problem of immunological 
rejection is also solved and it can be said that the availability to the Medical Science Division is 
very large. 

[Brief Description of the Drawings] 

The collagen sponge embedding group containing a drawing 1 undifferentiated mesenchymal stem 
cell and bFGF impregnation gelatin particles. A: The glomerulus which xlOO, B;x400, and an arrow 
reproduced is shown (after 36 weeks of embedding). 

A collagen sponge embedding group including a drawing 2 undifferentiated mesenchymal stem 
cell. A: x100, B:x400 (after 36 weeks of embedding). 

The collagen sponge embedding group containing the drawing 3 bFGF impregnation gelatin 
particles. A: x100, B:x400 (after 40 weeks of embedding), 
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